Involvement of MCP-1 and M-CSF in glomerular foam cell formation in ExHC rats  by Kodama, Naoya et al.
Kidney International, Vol. 56, Suppl. 71 (1999), pp. S-174–S-177
Involvement of MCP-1 and M-CSF in glomerular foam cell
formation in ExHC rats
NAOYA KODAMA, HARUHISA OTANI, YOICHI YAMADA, MASATOSHI MUNE,
and SUSUMU YUKAWA
Third Department of Internal Medicine, Wakayama Medical College, Wakayama, Japan
formation at an early stage of hypercholesterolemia-inducedInvolvement of MCP-1 and M-CSF in hypercholesterolemia-
glomerular injury.induced glomerular foam cell formation in ExHC rats.
Background. An increase in glomerular macrophages (MØ)
is considered a potential effector mechanism by which hyper-
cholesterolemia exacerbates glomerular injury. To investigate
Hypercholesterolemia is an aggravating factor in thethe mechanism underlying recruitment of MØ into glomeruli,
progression of glomerular injury. An increase of glomer-the expression of glomerular monocyte chemoattractant
ular macrophages (MØ) is considered a potential mecha-protein-1 (MCP-1) and macrophage colony-stimulating factor
(M-CSF) mRNA were examined using a lipid-induced glomer- nism by which hypercholesterolemia exacerbates glomer-
ular injury rat model. ular injury [1]. To investigate the mechanism underlying
Methods. Eight-week-old male ExHC rats, a strain suscepti-
recruitment of MØ into glomeruli, the expression of glo-ble to hyperlipidemia, were divided into the following 4 groups:
merular monocyte chemoattractant protein-1 (MCP-1)a control group (C), a high cholesterol diet group (HH), a high
and macrophage colony-stimulating factor (M-CSF)cholesterol diet/standard diet group (HN), which were fed a
high cholesterol diet for the first 4 weeks and a standard diet mRNA were examined using a lipid-induced glomerular
for the following 4 weeks, and a probucol-treatment group injury rat model.
(PT). Both MCP-1 and M-CSF mRNA expression in glomeruli
were analyzed using the RT-PCR method. An additional exper-
imental group (M) fed a high cholesterol diet was administered METHODS
M-CSF daily for 4 weeks.
AnimalsResults. The expression of MCP-1 mRNA in glomeruli in-
creased accompanied by an increased total serum cholesterol Exogenous hypercholesterolemia (ExHC) rats, a strain
level in HH and HN. However, M-CSF mRNA expression was
highly susceptible to dietary hypercholesterolemia andsignificantly suppressed at 1 or 2 weeks and gradually increased
considered an appropriate model for lipid-induced glo-to almost basal levels. In the PT group, MCP-1 mRNA expres-
sion was suppressed. The early suppression of M-CSF mRNA merular injury, were used for these experiments [2, 3].
expression was inhibited in PT. Renal histology showed a sig-
nificant increase in foam cells in glomeruli in HH and HN rats Diets
at 4 weeks. HH rats showed increased and expanded foam
CE-2 (CLEA Japan Inc.) was used as a standard diet.cells at 8 weeks. In HN rats, however, foam cells decreased
A high cholesterol diet was prepared with 3% choles-significantly after the transfer to a standard diet from a high
cholesterol diet. The MCP-1 mRNA expression was suppressed terol, 0.6% sodium cholate and 10% olive oil supplemen-
after the transfer. In the PT group, foam cell formation was tation to CE-2.
also suppressed. Foam cells were identified as MØ. M-CSF-
treatment significantly suppressed foam cell formation in glo- Effects of probucol and dietary treatment on
meruli when compared with the untreated group levels. glomerular foam cell formationConclusion. These findings suggest that hypercholesterol-
emia stimulated the expression of MCP-1 in glomeruli and Eighty 8-week-old male rats were divided into the
attracted the MØ into glomeruli. They also suggest that the following four groups: control group (C, N 5 20) fed
reduction of hypercholesterolemia after the change in diet or with a standard diet for 8 weeks; high cholesterol diet
treatment with probucol suppressed glomerular injury by sup-
group (HH, N 5 20) fed with a high cholesterol diet forpressing the glomerular MCP-1 expression. M-CSF may sup-
8 weeks; high cholesterol diet/standard diet group (HN,press the recruitment of MØ into glomeruli and foam cell
N 5 20), fed with a high cholesterol diet for the first 4
weeks and then fed with a standard diet for the following
Key words: hypercholesterolemia, hyperlipidemia, kidney disease. 4 weeks; and probucol treatment group (PT, N 5 20)
which were fed with a high cholesterol diet supplemented 1999 by the International Society of Nephrology
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Fig. 1. Expression of glomerular MCP-1 mRNA. (A) Reverse transcribed-polymerase chain reaction (RT-PCR) analyzes of MCP-1 expression
in isolated glomeruli from each treated rat. These data are representative of five separate experiments. Abbreviations are: C, control group; HH,
high cholesterol diet group; HN, high cholesterol diet/standard diet group; PT, probucol-treatment group. (B) Relative signal intensities are shown
graphically for MCP-1 for five separate sets of experiments and are presented as mean 6 SD. The intensities of cDNA bands for MCP-1 were
normalized to b-actin band intensities. Symbols are: (h) Control group; ( ) high cholesterol diet group; ( ) high cholesterol diet/standard diet
group; ( ) probucol-treatment group. *P , 0.005, **P , 0.001 vs. high cholesterol diet group.
with 5% probucol for 8 weeks. Kidneys were removed the rats were sacrificed and the kidneys were removed
and examined histologically.and histologically examined at 0, 1, 2, 4, 6 and 8 weeks.
Glomerular mRNA expressions of MCP-I, M-CSF and
Histology
b-actin were analyzed at 0, 1, 2, 4, 6 and 8 weeks.
Glomerular MØ was stained using an immuno-enzy-
matic method with mouse monoclonal antibody againstEffects of M-CSF-treatment on foam cell formation
rat monocytes/macrophages (ED-1: Chemicon Interna-in glomeruli
tional Inc., Tamecula, CA). Foam cell formation in glo-
Six 12-week-old male ExHC rats were divided into meruli was assessed by comparing the ratio of foam cells
the following two groups; M-CSF treatment group (M, occupying area/whole glomerular area (measuring 100
N 5 3) fed with a high cholesterol diet and administered glomeruli from each specimen).
a subcutaneous injection of M-CSF (150 3 104 U/kg BW)
RNA extraction and RT-PCR analysisdaily for 4 weeks, and the control group (S, N 5 3) fed
with a high cholesterol diet and administered a subcuta- RNA samples were prepared using the acid guanidi-
nium thiocyanate-phenol-chloroform extraction methodneous injection of saline daily for 4 weeks. After 4 weeks,
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Fig. 2. Expression of glomerular M-CSF mRNA. (A) Reverse transcribed-polymerase chain reaction (RT-PCR) analyzes of M-CSF expression
in isolated glomeruli from each treated rats. These data are representative of four separate experiments. Abbreviations are: C, control group, HH,
high cholesterol diet group; HN, high cholesterol diet/standard diet group; PT, probucol-treatment group. (B) Relative signal intensities are shown
graphically for MCP-1 for five separate sets of experiments and are presented as mean 6 SD. The intensities of cDNA bands for M-CSF were
normalized to b-actin band intensities. Symbols are: (h) Control group; ( ) high cholesterol diet group; ( ) high cholesterol diet/standard diet
group; ( ) probucol-treatment group. *P , 0.001 vs. control group.
from isolated glomeruli. RNA samples were subjected to RESULTS
a reverse transcription-polymerase chain reaction (RT- Effects of probucol and dietary treatment on
PCR) analysis with primers for MCP-I, M-CSF and glomerular foam cell formation
b-actin. The PCR products were electrophoresed in 1.5%
HH rats and HN rats fed a high cholesterol diet showedagarose gel and identified by staining with ethidium bro-
marked hypercholesterolemia (HH, 1740 6 84 mg/dL atmide. The gel was photographed with Polaroid film un-
4 weeks; HN, 1720 6 68 mg/dL at 4 weeks). In HN rats,der UV light at the same exposure and same developing
total serum cholesterol levels (TC) decreased to 120 6time for all samples. The bands on the films were scanned
22 mg/dL at 4 weeks after transfer to a standard dietusing an image scanner and the band densities were
from a high cholesterol diet. In HH rats, urinary proteindetermined using an image analysis software package,
excretion increased accompanied by increasing serumNIH Image.
TC levels. Renal histology showed a significant increase
Statistical analysis in foam cells in glomeruli in HH rats (HH, 12.1 6 3.6%
at 8 weeks; C, 0.0 6 0.0 at 8 weeks, P , 0.001). AfterAll data are expressed as mean 6 SD. Comparisons
transfer to standard diet from high cholesterol diet, foambetween groups were assesed by Student’s t-test. Differ-
ences were determined signinficant at a value of P , 0.05. cells in glomeruli were significantly decreased in HN rats
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(HN, 1.8 6 1.8% at 8 weeks; HH, 12.1 6 3.6% at 8 in total cholesterol, or LDL, increased the level of oxi-
dized LDL which in turn enhanced the expression ofweeks, P , 0.001). In PT rats, urinary protein excretion
(PT, 41 6 11 mg/day at 8 weeks; HH, 105 6 22 mg/day, MCP-1 in endothelial cell, mesangial cells and mono-
cytes, thus accelerating the infiltration of monocytes, intoP , 0.005) and foam cells (PT, 4.2 6 3.6%; HH, 12.1 6
3.6%, P , 0.001) in glomeruli were significantly de- mesangial areas. M-CSF facilitates the differentiation of
macrophages and accelerates the excretion of incorpo-creased in spite of the failure in improvement of hyper-
cholesterolemia. These foam cells were identified as mac- rated lipoproteins as free cholesterol from cells [6]. The
results of the present study showed that the administra-rophages by immunoperoxidase staining of ED-1.
Expression of MCP-I mRNA in glomeruli were in- tion of M-CSF suppressed glomerular foam cell forma-
tion and urinary protein excretion, thus clarifying thecreased gradually in HH and HN rats. After transfer to a
standard diet from a high cholesterol diet, MCP-I mRNA antifoam cell formation effect and urinary protein sup-
pression effect of M-CSF. Therefore, the suppression ofexpressions were significantly suppressed in HN rats.
MCP-I mRNA expression was also significantly sup- M-CSF expression that was seen in the early stages of
the present study is believed to accelerate foam cell for-pressed in PT rats (Fig. 1). Expression of M-CSF mRNA
in glomeruli were significantly suppressed at an early mation and urinary protein excretion. However, the
mechanism underlying the suppression of M-CSF expres-stage (at 1, 2, 4 week) in HH and HN rats, M-CSF mRNA
expression gradually increased and was almost the same sion has not been clarified. Although platelet derived
growth factors [7] and nitric oxide [8] reportedly suppressas basal-level expression at 6 weeks. Probucol treatment
the expression of M-CSF in vascular smooth muscle cells,reversed the suppression of glomerular M-CSF expres-
this effect must be investigated further in future research.sion in rats fed with a high cholesterol diet (Fig. 2).
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